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Abstract 
The prognostic value of :magnetic evoked potentials (MEP), somatosensory evoked potentials (SSEP), age and radiological 
parameters was determined in 50 patients with acute middle cerebral artery infarction. We performed MEP and SSEP within 4 days 
and after 6 weeks and 3 months of the infarction and assessed clinical improvement by using the Barthel index (BI) and the Rankin 
scale. The localization and extent of the infarction was investigated by CT scanning or NMR. All parameters were correlated to 
clinical outcome and the prognostic significance of each parameter in addition to BI was determined. MEP, SSEP, and age were 
valuable prognostic parame~Lers in predicting stroke outcome when used together with the BI. However, in stepwise regression 
analysis using all parameter:s simultaneously, only MEP and age significantly contributed to clinical outcome in addition to BI. 
Patients howed a better outcome when their MEP was normal or delayed, measured within 4 days of the infarction, compared to 
patients with absent MEP. Clinical outcome was better at a younger age. 
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1. Introduction 
Despite progress in knowledge and management of 
stroke, it remains difficult to predict the neurological 
outcome in individual stroke patients. This can be of 
importance with regard to clinical and rehabilitative 
programs and information to patients and clinicians. 
In the past, some studies demonstrated that clinical 
parameters, uch as deviated conjugate ye gaze, urin- 
ary incontinence, impaired consciousness, and leg weak- 
ness have some predictive value in stroke [1-3]. 
Although a quantified scaled neurologic examination 
might give some progne~stic nformation, one cannot 
make reliable predictions about functional outcome in 
individual patients [4]. 
Neurophysiological stttdies of stroke thus far have 
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investigated somatosensory evoked potentials (SSEP) 
and transcranial motor evoked potentials [5-8]. How- 
ever, conclusions were controversial. Although an ab- 
sent SSEP may predict a poor prognosis, less can be 
said about normal SSEPs [9]. Abnormalities of SSEP 
are also found in pure motor stroke [10]. Magnetic 
evoked potentials (MEP) could provide more accurate 
and prognostic information because the function of the 
impaired motor pathways determines neurological mor- 
bidity in stroke. Although some authors studied the 
value of MEP in stroke, interpretation of the results 
is difficult because of differences in stroke localization 
(infratentorial or supratentorial), time of investigation, 
single versus multiple infarcts, and duration of follow- 
up [6,7,11]. 
We performed a longitudinal prospective study of 50 
patients with middle cerebral artery infarction and de- 
termined the neurological outcome related to MEP, 
SSEP, age and radiological parameters. Because current 
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neurological functioning [as assessed by the Barthel in- 
dex (BI)] is a predictor of outcome, we studied the 
additional predictive value of MEP, SSEP, age, and 
radiological characteristics. More specifically, the fol- 
lowing questions were addressed: (1) Which of the vari- 
ables MEP, SSEP, age or radiological parameters has 
'supplementary' predictive value if used in combination 
with the Barthel index? (2) Which combination of pre- 
dictors can be used to predict neurological functioning? 
2. Materials and methods 
In the period March 1992 to May 1994, we investi- 
gated 64 patients with clinical evidence of a first infarc- 
tion in the territory of the middle cerebral artery and 
with obvious neurological disability after 3 days. They 
had been admitted within 24 h after onset of symptoms. 
The neurological handicap was scored according to the 
Rankin scale and BI at day 3 or 4, after 6 weeks, and 
after 3 months [12,13]. For inclusion, the CT-scan or 
NMR had to show a single infarct in the middle cere- 
bral artery territory after 4 days; scans were repeated 
after 3 months to exclude new infarctions. 
Localization was scored as 'cortical', 'subcortical', or 
both. The extent of infarction was measured at the 
maximal radius and was scored 'less than 1 cm', 
'more than 1 but less than 5 cm', 'more than 5 but 
less than 10 cm', and 'more than 10 cm'. Of the 64 
patients, 14 were excluded: 9 patients died before the 
second examination, 2 refused further cooperation, and 
3 patients howed more than one infarct at second radi- 
ological examination. 
We therefore studied 50 patients, 31 women and 19 
men, with a mean age of 68.2 (32-96) years. Thirteen 
patients were not available for examination after 3 
months because of refusal (5), death (2), or logistic 
reasons. Thus, the data for 37 patients were available 
for analysis after 3 months. 
Four channels were used to record average scalp 
SSEPs, i.e. Erb to Fz, C5 to Fz, C'4 to A2 (A1) and 
C'3 to A2 (A1) with a Nicolet Pathfinder system. SSEPs 
were recorded on day 3 or 4, after 6 weeks, and after 3 
months and were scored 'normal', 'delayed', or 'absent'. 
Magnetic motor stimulation was performed using a 
Medicor Magstim 200 magnetic stimulator with a 70- 
mm coil for cortical stimulation. For cervical stimula- 
tion a twin coil was used. Muscle responses were re- 
corded with a EMG Nicolet Viking recording system 
with surface electrodes taped over the abductor digiti 
quinti muscle. Stimuli without facilitation were given 
with increasing intensity (stepwise 40-100% output) un- 
til an action potential in the contralateral muscles was 
obtained. For each measurement of MEP latency, at 
least three MEPs were recorded, and the shortest one 
was taken. MEP was considered absent if no response 
could be obtained with stimulation at 100% output. The 
computed central conduction time, i.e. the difference in 
conduction time after cortical and cervical stimulation, 
was compared to normal values [14]. MEP was scored 
as 'normal' (12.0-15.0 ms), 'delayed' (more than 15.0 
ms), or 'absent'; ipsilateral responses were registered 
when present. The variables MEP and SSEP were di- 
chotomized (0 = 'absent' and 1 = 'delayed' or 'normal'), 
because preliminary statistical analysis suggested that 
this would lead to the best prediction of BI. Patients 
were excluded if they had a history of craniotomy, epi- 
lepsy, cardial prosthetic valve, pacemaker implantation, 
or neurophysiological evidence of a polyneuropathy or
cervical radiculopathy. All patients underwent rehabili- 
tative therapy. Patients had to give informed consent 
and the study was approved by the Hospital Ethics 
Committee. 
Parametric statistical methods were used to analyze 
the data. We used the general inear regression model 
with BI as a dependent variable. 
3. Results 
3.1. Localization 
Twenty-six of the 50 infarcts were right-sided and 24 
left-sided, with a cortical localization in 9 patients, a 
subcortical localization in 19, and both localizations 
in 20 patients. 
3.2. Magnetic evoked potentials 
Thirty-two patients had an absent MEP at entry (T1). 
Their mean BI was 3.6 (0-13) and increased to 6.3 (0- 
19) at T2 (6 weeks). Eight patients had a delayed MEP 
with clinical improvement on BI from 5.5 (1-12) to 14.6 
(2-20). The BI of the other 10 patients who had a 
normal motor response, increased from 4.9 (0-10) at 
T1 to 15.5 (4-20) at T2 (Fig. 1). 
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Fig. 1. Improvement of the Barthel index from T1 to T2 in relation 
to MEP. 
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Table 1 
Means, standard eviations and number of observations for the main variables [for MEP and SSEP: 0= absent, 1 = delayed or normal; the 
mean is equal to the proportion p of delayed or normal reactions, the standard eviation equals ~/(p(1-p))] 
Variable T1 T2 T3 
M S.D. N M S.D. N M S.D. N 
Barthel 4.16 3.36 50 9.58 6.70 50 12.65 6.26 37 
MEP 0.36 0.48 50 0.48 0.50 50 0.54 0.51 37 
SSEP 0.41g 0.50 50 0.60 0.49 50 0.74 0.45 37 
Age 68.54 13.54 50 
M = mean; S.D. = standard eflation; N = number of observations. 
3.3. Somatosensory evoked potentials 
Twenty-six patients had an absent SSEP at 7"1. Their 
BI increased from 2.8 (0-9) at T~ to 6.8 (0-20) at T2. 
Five patients who had a delayed SSEP showed an im- 
provement in BI from 7.4 (4-13) to 10.6 (4-19), whereas 
in 19 patients with a normal SSEP the BI increased 
from 5.2 (0-12) to 13.1 (2-20). 
Six of the 19 patients with subcortical infarcts had 
delayed MEPs (32%) as compared to 2 of the 29 pa- 
tients with infarcts with cortical involvement (7%). 
The correlation coefficient for BI at different points 
in time was 0.59 (T1-T2), 0.56 (T1-T3) and 0.91 (T2- 
T3). The correlation coefficient for the Rankin scale 
scores at different points was 0.17, 0.06, and 0.46, re- 
spectively. Apparently the relation between eurological 
function at different times as detected by BI was not 
reflected in the Rankin scores. Furthermore, regression 
analysis showed that MEP, SSEP and age could not 
predict the Rankin score. For this reason we present 
the analysis for BI only. 
In none of the regression analyses were the radiolo- 
gical parameters (extent or localization of the lesion) 
predictive of the BI. Means and standard deviations 
of the remaining variables are shown in Table 1. 
Over time the percentage of patients showing a (de- 
layed or normal) reaction to cortical magnetic stimula- 
tion increased from 36%, via 48 to 54%. The percentage 
of patients showing a reaction to SSEP also increased, 
as did the mean BI. 
3.4. Prediction f rom time 1 to time 2 
In order to determine which of the variables predic- 
tors MEP, SSEP, or age had 'supplementary' predictive 
value (in addition to BarthelT1) three regression anal- 
yses were done with the BarthelT2 score as an depend- 
ent variable and the BarthelT1 score and one of the 
variables MEP, SSEP or age as predictors. 
Table 2 shows that each of the variables had, when 
added to the BarthelT1 score, a regression-coefficient 
that was significantly different from zero. The increase 
in the proportion of 'explained variance' was small for 
SSEP (0.05), where as the contribution of age (increase 
in explained variance = 0.18) and especially of MEP (in- 
crease in explained variance= 0.26) in predicting the 
BarthelT2 score was much more substantial. 
The predicted BI at T2 of two patients with the same 
score at 7"1 differed by 7.17 points if one of the patients 
did not show a reaction to magnetic motor stimulation 
at T1 and the other showed a (normal or delayed) reac- 
tion. The presence of an SSEP increased the predicted 
BI by only 3.00 points. For a given BI at 7"1, the pre- 
dicted Barthel score after 6 weeks decreased by 0.21 
points as the age of the patient increased a year. In 
order to see which combination of variables at 7"1 
best predicted the BarthelT2 score, we performed a 
stepwise regression with the BarthelT1, SSEP, MEP, 
and age as potential predictors. This analysis showed 
that the 'best' prediction was obtained by using the 
BarthelT1 score, MEP, and age as predictors. With 
these predictors included in the regression equation, 
the contribution of SSEP was no longer statistically 
significant (t = 0.46, p > 0.30). The regression weights 
of the variables that appeared to contribute to the pre- 
diction of the BarthelT2 score, are given in Table 3. 
The proportion of variance explained by SSEP, 
MEP, and age was high (0.73). As a measure of the 
Table 2 
Regression weights (standard errors; one-sided significant probability) if the BarthelT2 score is predicted on the basis BarthelT1 score and one 
other predictor and the corresponding 'proportion explained variance' (R-squared). If the BarthelT1 score is the only predictor, the 'proportion 
explained variance' was 0.34 (r~ = 50) 
Second predictor Weight BarthelT1 Weight second predictor R-squared 
MEP 0.93 (0.19; 0.0000) 7.17 (1.31; 0.0000) 0.77 
SSEP 1.01 (0.25; 0.0001) 3.00 (1.67; 0.0390) 0.62 
Age 1.00 (0.21; 0.0000) -0.21 (0.05; 0.0001) 0.71 
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Table 3 
The BarthelT2 score predicted by three variables: regression weights, 
standard errors, t-statistic, significant probability (F(3,46)=35.47, 
p = 0.0000, R-squared =0.73) and decrease in R-squared if variable 
deleted 
Predictor Weight S.E. T p Decrease in 
R-squared 
MEP 6.63 1.10 6.04 0.0000 0.21 
Barthel/'l 0.80 0.16 5.03 0.0000 0.15 
Age -0.18 0.04 -4.69 0.0000 0.13 
(Constant) 16.50 
contribution of each of the three variables to this pre- 
diction, we computed the decrease in explained var- 
iance, obtained by deleting a variable (Table 3). This 
showed the contribution of MEP to be more important 
than that of SSEP or age. 
3.5. Prediction from time 1 to time 3 
Again, we first studied the 'supplementary predictive 
value' of each of the variables MEP, SSEP, and age 
separately (Table 4). SSEP did not contribute signifi- 
cantly to predict he BarthelT3 score, when BI, as meas- 
ured at T1 was included as a predictor. The 'supplemen- 
tary predictive value' of MEP was significant, although 
less impressive than it was in predicting the BarthelTz 
score. Because measurements 3 months after stroke 
were not available for all patients, Tables 4 and 5 are 
based on 37 patients only. As might be expected, pre- 
diction of the BarthelTa score on the basis of measure- 
ments taken a few days after stroke was less successful 
than the prediction of the BarthelT2 score: the "propor- 
tion of the variability of the predicted variable ex- 
plained by the predictors" (that is, the squared multiple 
correlation coefficient) decreased from 0.73 to 0.63. 
3.6. Prediction from time 2 to time 3 
The correlation between the BarthelT2 and BarthelTz 
scores was very high: r = 0.90 (n = 37). This could indi- 
cate that the level of neurological function of the pa- 
tients had already stabilized after 6 weeks. As a conse- 
quence, prediction of the BarthelT3 score was not 
improved by adding more predictors. 
In fact, the regression coefficients of the other predic- 
tors, if added to the predictor BarthelT2 score, did not 
differ significantly from zero. 
4. Discussion 
This study is the first in which the value of magnetic 
cortical evoked potentials i compared to that of other 
clinical, neurophysiological and radiological parameters 
simultaneously in purely supratentorial infarcts. 
Although some authors have evaluated the role of 
MEP in stroke, they considered infarcts and hemor- 
rhages without comparison or prognostic statements. 
Stimulation was performed without facilitation because 
not all patients who have had a major stroke are able to 
induce a muscle contraction. On the other hand, scalp 
representation f a given muscle is significantly enlarged 
during facilitation [15]. 
We studied the outcome after 6 weeks and 3 months 
because arlier reports concluded that major improve- 
ment after stroke can be detected after one month [16]. 
This conclusion was confirmed in our study; none of 
the parameters, including MEP, provided additional in- 
formation more valuable than the BI after 6 weeks 
(BarthelT2). However, it can be of importance to pre- 
dict the neurological improvement in the acute stage, in 
which case clinical and neurophysiological parameters 
are of value. 
BI was a good predictor of neurological outcome, but 
we wanted to determine whether the other variables had 
additional prognostic value. Multiple regression analy- 
sis showed that after BI, MEP had the best predictive 
capacity, followed by age. Compared to these predic- 
tors SSEP did not provide additional information. 
It is remarkable that the patients who died in the first 
weeks had normal, delayed and absent MEPs. This 
stresses the importance of considering both clinical 
and neurophysiological findings in acute stroke, as 
these nine patients had a low BI at study entry and 
their mean age was 78 years (70-85). 
Gott et al., in their report on SSEP in stroke, did not 
find an additional value for SSEP, but they also con- 
Table 4 
Regression weights (standard errors; one-sided significant probability) if the BarthelTa score is predicted on the basis of the BarthelT1 score 
and one other predictor and the corresponding 'proportion explained variance' (R-squared). If the BarthelT1 score is the only predictor, the 
'proportion explained variance' was 0.32 (n = 37) 
Second predictor Weight BarthelT1 Weight second predictor R-squared 
MEP 0.86 (0.23; 0.0003) 4.86 (1.64; 0.0028) 0.46 
SSEP 0.94 (0.27; 0.0007) 0.92 (1.88; 0.3144) 0.32 
Age 0.87 (0.21; 0.0001) 10.23 (0.06; 0.0002) 0.54 
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Table 5 
The BarthelTa score predicted lay three variables: regression weights, 
standard errors, t-statistic, sign. prob. (F(3,32) = 16.71, R- 
squared = 0.63) and decrease in R-squared if variable deleted (n = 37) 
Predictor Weight S.E. T p Decrease in 
R-squared 
MEP 3.95 1.39 2.84 0.0037 0.09 
Barthel 7"1 0.78 0.19 4.09 0.0002 0.19 
Age -0.20 0.05 -3.91 0.0002 0.18 
(Constant) 21.09 
sidered 21 transient ischaemic attacks out of  70 stroke 
patients in their study [411. 
Macdonel l  et al. conducted two studies with fewer 
than 20 patients and found MEP to be more valuable 
than SSEP in predict ing stroke outcome [11,17]. 
A l though they observed that SSEP changes paral leled 
neurological  improvement,  they could not prove that 
SSEP had prognost ic  walue, because 6 of  9 patients 
who showed substantial  recovery had an initial absent 
SSEP. 
Chu et al. conducted a comparable  study of  28 pa- 
tients with supratentoria.l infarcts in the anterior and 
medial  cerebral terr i tory [9]. They made sum scores 
for MEP in the arm and leg and also found MEP to 
have predictive value when present. 
There was a tendency for SSEP to be a negative pre- 
dictor when absent. However,  the mean age of  subjects 
in their study was 55.2, :substantially younger than our 
subjects and very young for a stroke populat ion.  
In a recent extensive study on central motor  conduc- 
t ion t ime fol lowing stroke, Heald et al. studied 118 first- 
ever stroke patients with either infarct or  hemorrhage 
of  any cerebral  local ization [18,19]. They found the 
highest morta l i ty  in the group with an absent MEP,  
with a total  morta l i ty  of  36°/'0, probab ly  because of  re- 
latively many hemorrhages. A l though 16% of  our pa- 
tients died, some of  thera had an MEP whereas others 
did not. It seems logical 'therefore to assess both clinical 
(BI, age, concomitant  disease) and neurophysio logical  
methods when making a predict ion about  the outcome 
for individual patients. 
On the basis of  these studies, it seems that MEP 
shows other characterist ics in hemorrhages than in in- 
farcts, which might be explained by the space occupying 
effect. 
The stroke patients we investigated had comparab le  
neuro-anatomical  condit ions. F rom our results we con- 
clude that, next to a cilinical disabi l i ty scale like the 
Barthel index, cortical magnetic evoked potent ial  and 
age are valuable progno~tic parameters  in acute middle 
cerebral artery infarction. A l though SSEP alone pro-  
vides some prognost ic  informat ion it is of  less value 
than BI, MEP  or age. MEP should be recorded within 
a few days after the onset of  stroke. In later stages 
neurological  function as assessed by BI is the best in- 
d icator for outcome after 3 months.  
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